Conventional Scanning
The conventional method is to move a y-ray detecting crystal with respect to the patient. The crystal is usually either 3j or 5 in. (8-9 or 12-7 cm) in diameter and has a multi-hole lead collimator in front of it, the holes being focused on an area about 2 cm in diameter some 10 cm deep in tissue ( Fig IA) . This focal area, 'resolution diameter', is therefore made to 'scan' the region of interest in the patient.
A pair of opposing detectors can be used, either to detect the annihilation y-rays from positrons by counting in coincidence ( Fig IB) or, more simply, to increase sensitivity and uniformity with respect to depth by adding the counts from opposite sides of the body.
The result can be displayed in different ways:
as a dot-density diagram, as a light-spot density diagram superposed on an X-ray film (with the opportunity of contrast enhancement or background subtraction) or as a colour-dot diagram where both the dot density and the colour will change when the mean counting rate changes. This latter display provides a series of background subtraction levels simultaneously and is therefore semi-quantitative; it was pioneered by Professor J R Mallard, then at the Hammersmith Hospital.
[Two slides were shown, one being the colour scan of a bulb containing radioactive liquid in a tank of water, the other being the carbon copy attached to the sodium iodide crystal detector (shown shaded). Lines of equal counting rates in tissue are shown. B, a pair of detectors, if operated in coincidence so that they only respond ifa y-ray passes through both simultaneously, will respond to annihilation radiation arising from positrons directly between the counters, since each annihilation gives two y-rays, in exactly opposite directions figure ' n' is often used, defined as the number of times the counts in a given area of the scan exceed the standard deviation of the difference between this number and the background number of counts. It is similar to the description of detail perception used for diagnostic X-rays and was originally developed for television viewing (Rose 1948) . The greater the number of counts recorded, the greater the statistical accuracy obtained. Comparisons should, of course, be made between the patient's scan and the scan of a normal subject. Duggan et al. (1964) have divided the head into a network of areas for facilitating such comparisons. We are planning to speed up the time-consuming process of analysis by using computer programmes. It is likely that the greater facility to analyse the data quantitatively will be the next development in conventional scanning.
Gamma Cameras
Conventional scanners may take thirty to fortyfive minutes to scan a brain or a liver in one plane, unless a very short-lived isotope such as technetium 99m (6 hours half-life), iodine 123 (13 hours), or fluorine 18 (2 hours) is used, when the time might be reduced to ten or fifteen minutes. A new device of much greater sensitivity, the gamma camera, has been developed by Anger (1964) at Berkeley, California, within the past few years and commercial versions are now available. The first one in Britain is operating at Hammersmith Hospital (Glass et al. 1965 ).
The gamma camera uses a large stationary detector, 11 in. (28 cm) in diameter, which can look at an equal area in the patient continuously, without moving (Fig 4) . Each flash of light in the detecting crystal is assessed for position by an array of 19 photomultipliers, in honeycomb pack, placed behind the 11 inch detector. They ultimately give a flash of light in the corresponding position on an oscilloscope screen and the result is integrated by a polaroid camera to give a dotdensity picture. At present these pictures are rather small and not quantitative but we have plans for improving both these aspects. The sensitivity of the gamma camera is about ten times greater than that of conventional scanners: about four minutes instead of forty-five are required for one view. This is a major advantage, for a series of areas can be examined quickly. For example, Anger has studied the distribution of radioactive iron ('2Fe) in marrow by taking about a dozen views to cover the whole skeleton (Anger 1964 (Anger , 1965 . The resolution of the camera is good at positions close to the collimator: 8-12 mm diameter for 50% counting rate from a point source on our commercial machine, but it (Matthews 1965) no n-ray (or positron) emission. Further, y-rays of energy above about 04 MeV penetrate too readily through the collimator walls and septa and spoil the resolution. Gamma rays of energy below about 01 MeV are attenuated (and scattered) too much in tissue; so the optimum y-ray energy for scanning is about 01-02 MeV. Some examples of isotopes available for kidney, liver and brain scanning are given in Table 1 .
It can be seen that the isotopes mainly used at present can be improved upon very greatly. The figures of merit for the brain-scan isotopes illustrate the range of expected improvement in speed or information content already possible but not yet fully achieved. There may be-other chemical forms of these isotopes, or new isotopes may become available, to give still greater gains in accuracy, speed and safety. Dr The use of isotopes in clinical diagnosis has increased greatly since the introduction of reliable and easy to use scintillation scanners.
The variety of methods of isotope localization now allows visualization of almost every organ in the body. Short-lived isotopes have recently become available, allowing much higher activities to be used without increasing the radiation hazard. The quality of the scans have thus been improved because of the smaller statistical error and because it is possible to use a collimator with increased resolution.
The thyroid gland was the first organ to be scanned routinely and scanning has now a secure place in the diagnosis and treatment of thyroid disease and, in particular, cancer of the thyroid (Smithers et al. 1965).
Visualization of brain tumours by scanning is rapidly becoming accepted as a routine test in many hospitals. A wide variety of lesions which can be detected includes meningiomata, which show a higher uptake than astrocytomata, metastases, abscesses, cysts and vascular malformations. Most hospitals use mercury 197 or / \\/* ** .. .... ....
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